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￿Uhvhdufk ri Vdqwldjr M1 Uxelr zdv vxssruwhg e| wkh Plqlvwhulr gh Flhqfld | Whfqrorj￿d
+Vsdqlvk Plqlvwu| ri Vflhqfh dqg Whfkqrorj|, xqghu judqw EHF5333047651 Wklv uhvhdufk
zdv lqlwldwhg zkloh wkh ￿uvw dxwkru zdv d ylvlwlqj ihoorz dw wkh Ghsduwphqw ri Hfrqrplfv ri
wkh Xqlyhuvlw| ri Vrxwkdpswrq1 Wkh sdshu zdv suhvhqwhg dw wkh 8:wk Hxurshdq Phhwlqj
ri wkh Hfrqrphwulf Vrflhw|/ Yhqlfh/ Dxjxvw 5805;/ 5335 dqg dw [[YLL V|psrvlxp ri
Hfrqrplf Dqdo|vlv/ Vdodpdqfd/ Ghfhpehu 45047/ 53351 Zh zdqw wr wkdqn Ehjr￿d Fdvlqr
iru khu khos zlwk wkh ￿jxuhv1
|Fruuhvsrqglqj dxwkru1 Ghsduwphqw ri Hfrqrplf Dqdo|vlv/ Xqlyhuvlw| ri Ydohqfld/
Hgl￿flr Ghsduwdphqwdo Rulhqwdo/ Dygd1 gh orv Qdudqmrv v2q/ 79355 Ydohqfld/ Vsdlq1 H0
pdlo dgguhvv= Vdqwldjr1 UxelrCxy1hv
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4Wkhuh duh d qxpehu ri rwkhu frqfhswv ri zkdw pdnhv dq djuhhphqw vhoi0hqiruflqj1
Fkdqghu dqg Wxonhqv +4<<:, gudz rq frrshudwlyh jdph frqfhswv +wkh jdppd fruh,1 Rwkhu
frqfhswv/ vxfk dv idu0vljkwhgqhvv/ kdyh ehhq ghyhorshg/ iru lqvwdqfh/ e| Hffkld dqg Pdul0
rwwl +4<<:/4<<;,> vhh Ilqxv +5334, dqg Zdjqhu +5334, iru h{fhoohqw uhfhqw ryhuylhzv1
5Fduudur dqg Vlqlvfdofr +4<<4/4<<6, dovr vkrz wkdw wkh qxpehu ri vljqdwru| frxqwulhv
fdq eh lqfuhdvhg e| phdqv ri vhoi0￿qdqfhg wudqvihuv1 Krzhyhu/ h{sdqglqj frdolwlrqv uh0
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txluhv vrph irup ri frpplwphqw1 Shwudnlv dqg [hsdsdghdv +4<<9, h{whqg wklv uhvxow wr
wkh fdvh lq zklfk wkh frxqwulhv duh qrw lghqwlfdo xvlqj dq hplvvlrqv jdph zlwk ruwkrjrqdo
ehvw0uhsod| ixqfwlrqv dv wkh rqh vwxglhg e| Krho +4<<5,1 Krho dqg Vfkqhlghu +4<<:, srlqw
rxw wkdw wkh survshfw ri uhfhlylqj d wudqvihu whqgv wr uhgxfh wkh lqfhqwlyh d frxqwu| pljkw
kdyh wr frpplw lwvhoi wr frrshudwlrq vr wkdw li wkh glvlqfhqwlyh lv vwurqj/ wrwdo hplvvlrqv zloo
eh kljkhu zlwk vlgh sd|phqwv1 Pruh uhfhqwo|/ Eduuhww +5334, kdv vkrzq wkdw zlwk vwurqj
dv|pphwu| vlgh sd|phqwv ehfrph wkh yhklfoh iru lqfuhdvlqj sduwlflsdwlrq lq d frrshudwlyh
djuhhphqw1
6Wkhvh uhvxowv dsso| wr wkh fdvh zlwk lqfuhdvlqj pdujlqdo gdpdjh1 Iru wkh fdvh ri
frqvwdqw pdujlqdo gdpdjh/ lw lv hdv| wr vkrz wkdw wkh Frxuqrw dqg Vwdfnhoehuj htxloleuld
frlqflgh vr wkdw ohdghuvkls grhv qrw lqfuhdvh wkh ohyho ri frrshudwlrq dwwdlqhg e| d Frxuqrw0
LHD1
7Wkhvh zhdnqhvvhv gr qrw dsshdu lq Fduudur dqg Vlqlvfdofr*v +4<<4, sdshu1 Wkhvh
dxwkru ghyhors dq dqdo|wlfdo vroxwlrq iru d v|pphwulf Frxuqrw htxloleulxp1 Lq wkhlu prgho
wkh| dvvxph dq hqylurqphqwdo gdpdjh ixqfwlrq wkdw lv txdgudwlf zlwk uhvshfw wr wkh
orfdo hplvvlrqv exw olqhdu zlwk uhvshfw wr wkh lpsruwhg hplvvlrqv/ l1h1/ hqylurqphqwdo
gdpdjh ghshqgv rq wkh surgxfw ehwzhhq orfdo hplvvlrqv dqg wrwdo hplvvlrqv wkdw d￿hfw
wkh frxqwu|1 Dv d uhvxow ri wklv vshfl￿fdwlrq wkh vroxwlrq ri wkh jdph |lhogv dozd|v lqwhulru
vroxwlrqv1 Lq wklv sdshu/ zh irfxv rq d joredo hqylurqphqwdo sureohp vr wkdw zh dvvxph
wkdw hqylurqphqwdo gdpdjh lv d txdgudwlf ixqfwlrq ri wkh djjuhjdwh hplvvlrqv1
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8Lq wklv prgho/ dv lq wkh hduo| sdshuv glvfxvvhg lq wkh lqwurgxfwlrq/ zh ghdo zlwk d  rz
srooxwdqw1 Iru dqdo|vlv xvlqj d vwrfn srooxwdqw vhh Uxelr dqg Xosk +5335d/ e,1 Qrwh dovr
wkdw zkloh zh zrun zlwk dq hplvvlrq jdph zlwk qr dedwhphqw/ lw lv wulyldo wr vkrz wkdw
wklv lv htxlydohqw wr d prgho ri dq dedwhphqw jdph zlwk jlyhq ohyho ri xqdedwhg hplvvlrqv1
9
  
 1  
    	 
  





 	  2  













	 "  
  0  
  

    
" 
   
 




A     






 1  
   
	 






 	  2  






    
  2  )'*
 3	" 	  W 	  W  

	    

 
  	 2 
 	    

   	 











   	
   8
 





    
 ).*
     
  	
       
   
   )   )* 	 
 
 
A * / 0 
    
  
	
     
  	





"   
 E
   

    2   	 












   
    
 




  		    

    




















    " 

 










  ) 
 









		 "      A "    
 

 )  	 
  
 
   * 























	   
 0  
  

   
 
   





   "   A



























 ;"    1
  

"   
"   
  











   

"   
0   
 
 
  / 
    
  

















   	 


  1   






   
" - )($$.*   
	  
       

















   )








   
 

 35  
 
A /   		 
/ 





















    	 
 








/    
  




   
 A









$6  , )($$%*" + 
 





   

    "   
	
       
   )C	

	  *($B'++ ;       A
 r  s   
8
,	      	     	 	 
 	      	  r  s !	 
    s  r   






    
 2  
 
    1
" 




  	 
 3














  " 
 








0        1   >
	 H /  "     
 
  >	




 0  
  	 

    
 		    
  	
         /
  	 2   
   r   

 
 s    
    @




  ; 
   W   
   1
   >	 H"    	  
  
" 



























 .  
      0









   







 ;  
  
      


(&' !  	  $%$	)#	 %

		    
 
 








    0       
s& 

































     
     




 	   
 

  s&  
 
    
 

















































     
   






  r￿   
  	
      
 s￿    sE￿3?￿  s r￿    r?  r 
   r    s






   s  






   r  






















)* 	  )r   s   ; )9* 




      

    2  
 s 

    

    2  

  r   2       
)* ()





    
     s  
2   
)* $%()





  2   r  
 	         

 
       
 
     	  
 

   A  

"    












	  "   	 	#




  		  	 $	  	 
		  	 	#

   	 		     	
	





    2  
 s 

    





















    2  2
,
      
(%r   s 






    2 s
2
      2
    2 
    
      " 




      
     
 
       r  s  








 %%"      

   
 
  r   2W  

 








   
   
     


     
   	 	    A3 	" 
   

 
 "   




   
 
 




      
   3
   2
        











 35    ￿  
 











  2    
 
 
    
 	
  









;     A
 !￿  !2  	      
 	 ￿  ￿!￿








 !2: / 
  
 
 ; (    

!￿ 	 ￿ 
 !2 	 2 
   
  

 ;H ( 	
/
 
   (  8
9Lq rughu wr vwxg| wkh ehkdylrxu ri e+q, zh dvvxph wkdw q lv d uhdo qxpehu lq lqwhuydo
^4>Q‘ dqg rqfh zh nqrz wkh surshuwlhv ri e+q, wkhq zh duh deoh wr fkdudfwhul}h wkh ydoxhv
ri e+q, iru q uhvwulfwhg wr eh dq lqwhjhu1
:Li Q lv dq rgg qxpehu wkhq e+a q, @ e+q, |lhogv ￿ q4 @ {4 @￿ q5 @ {5 @ +Q.4,@5= Lqvwhdg
li Q lv dq hyhq qxpehu wkhq e+a q, @ e+q, |lhogv ￿ q4 @ {4 @ Q@5 dqg ￿ q5 @ {5 @ +Q .5 ,@5=
('-"  "    		 	!  #	   	 
	
 
	  	$	 	
   %&     	
$	          	 	#
  	  	 '
%&     (  	  		 !   	 ￿ 	 2 		 $	   	 	#
 
	  	        	 ￿ 	 2      
 	    	 	 ￿    	 2
           
    8
!
        	 ￿  	 2      	  	
 	     
;  ( 
 ?	
 %"  
 	  
   














 r s 6 
 
   1
  	 




 %'  A
 
 1   	    
"    A
 
  		   

 





  1   
    6   
 8





(     	  	        	
	#
  	 	
 
	   	 ' %&   
)





	  	$	 	
  
	
	 *' %&   
)
%






/ 	  	 
 		
3 
  + ( 
 	 )*  ?	
 '"       
 
  
    
 
   







   3

(.        ,  	 )*  ?	

  
       3  
1  "
 	 %"  
)
    






































 / 2 JK 
" 
  
    
'   

    
 
    
 
 






  "     	  5
 
 "  
  
 
   "    
 )*   
 
    
  2       







5 /  
 2  

   
   " 
     

 2   5 













   0  
 





   
 
. (/		)  	  $%$	)#	

		    
 








     
  +










        
    
  

     
 









   8










r    s
2
(F    s  r    s   )$*
/ 











r    s
2
#  s  r    s





  r  r    s#   )(&*






   r    s#       )((*
































2          2






2    2      

    
2  2
 )(.*
  r   s   2
$
2          
2  
%
2    
2      
)* ()





$   
)* $%()





%   
        0 1  
 r 
s  
   #/+
5
8
	  "   	 	#




  		  	 $	  	 
		  	 	#

   	 		     	
	









    
2  2



















   2    2





  	  $  %   
r   s 

    




    2
s
2
        
    2 





(9 	 		 $	 

r







    
 
  	   
   
      
   1 ) ( ' *     






  1 )(.*     




"   
   
     
 





  	   	  
 2
 





 % / 
3 		
 A3  
 
    
       
" 
     
   

     $   




1 	    
   ￿$ %   
	         $  5       

	 " 
   $	
  	  
 
   2 ￿   ￿  2  ￿ /
  8
-" ' "   		 	!  #	   	 		
	
 
	  	$	 	
   %&    
		 	! ￿ 		 $	      ￿ 	 	#
 
	  	  	   ￿ 	 	#
  	
	 ' %& "    	 $	  ￿      
%&    ￿ 	 	#
  	  	 ( %& 
￿  	   	 	 ( %&      	
	#
  	  	 ( %&   	 	#

 	 	 ' %& "   ( 	 $	  ￿  2 
￿    %&    ￿ 	 	#
  	 	 	
( %&  ￿  2 	 	#
  	 	 (
%&  2    ￿ 	 	#
  	 	 	 (
 %&   ￿ 	   	 	  
/ 	  
 		
3 -    +




"   




   

;   







       




  	   










   ￿  ￿







   
    
  3      ; /
  3  
1 
"   
  
 








   <
;   ￿  A
 !￿  !2  	     ￿ 
 	 ￿  ￿!￿









    
  
 8
	 ' %&   ￿  	 $	            	
	#
  	  	 ' %&     ￿  		 	! 	 ￿ 	 2
		 $	   	 	#
  	  	   
    	 ￿ 	 2       	    	
	 ￿    	 2
/ 	  	 
 		
3 +
>"  ￿   
   ￿    
    
            8
!
     ￿   	 ￿  	 2      	 
	  	       	 ( 	 	#
  
	   	          






   
   









;Wr vwxg| wkh ehkdylrxu ri e4+q, lq wkdw lqwhuydo zh gr dv zh glg iru wkh Frxuqrw
htxloleulxp zh dvvxph wkdw q lv d uhdo qxpehu dqg rqfh zh nqrz wkh surshuwlhv ri e4+q,
wkhq zh duh deoh wr fkdudfwhul}h wkh ydoxhv ri e4+q, zlwk uhvshfw wr q exw qrz zlwk q
uhvwulfwhg wr eh dq lqwhjhu qxpehu1 Wkh vdph dssurdfk lv iroorzhg wr vwxg| e5+q, dqg
e6+q,=
<Lq wkh Frxuqrw prgho wkhuh h{lvwhg wkh srvvlelolw| ri wzr pd{lpd jlyhq wkh v|pphwu|
ri wkh ixqfwlrq e+q,/ krzhyhu dv e4+q, grhv qrw suhvhqw wklv surshuw| wkhuh lv qr uhdvrq wr
h{shfw wkdw wkh pd{lpxp ri wkh ixqfwlrq eh uhdfkhg iru wzr lqwhjhuv1
43Li a q lq wkh grpdlq i4>5>===>Q ￿4j pd{lpl}hv e4+q, lq wkh uhdo lqwhuydo ^4>Q￿4‘ wkhq
e4+a q, @ e4+q, |lhogv {4 @ {5 @a q= Krzhyhu/ li wkh ydoxh ri q wkdw pd{lpl}hv e4+q, lv qrw
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